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POLYSACCHARIDE 
The present invention relates to sterile compositions comprising one or 
more therapeutic peptides, The present invention also relates to methods for 
5 the preparation of such compositions, and to methods for the preparation of 
sterile therapeutic peptides. 

Natural and synthetic peptide compounds are assuming increasing 
Importance as active agents in therapy. There Is particular Interest in the use of 

10 growth factors such as epidermal growth factor (EOF), fibroblast growth factor 
(FGF), bono morphogeny protein, platelet derived growth factor (PDGF) and 
transforming growth factors (TGF), especially for the treatment of wounds. 
Growth factors are becoming available in substantial quantities from 
recombinant DMA synthetic techniques, which raises a need for sterile 

1 5 formulations for administration of the growth faeiote; 

A feature of peptide-based medicaments Is that most peptides are not suitable 
for enteral administration, because they are broken down In the digestive tract 
Therefore, most peptide medicaments must be administered parenteral!^ and 
20 in particular by topical or intravenous administration- For such methods of 
administration, it is essential that the peptide composition must be sterile. That 
is to say, the composition must fee substantially free from viable 
microorganisms, viruses and DNA fragments. 

25 A difficulty arises when attempting to sterilise compositions comprising 
therapeutic peptides. Conventional sterilisation methods, such as heating in an 
autoclave or gamma-irradiation, frequently degrade the biological activity of 
therapeutic pept rlcs, especaik f mc stai iisabc i r ;an eo etc m the presence 
of water. Chemical sterilants are also unsuitable because of the sensitivity of 

30 peptides to oxidising agents, changes In pH, changes in ionic strength or 
changes in temperature Standing with ethylene sonde is also unsuitable, 
because of reactivity of ethylene oxide with some peptides, and further because 
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of unacceptable residues of ethylene oxide and harmful reaction products 
thereof in the products. 

In the past peptide based medicaments have been formulated from 
5 sterile starting mate a i i ep t (v S ^ h as * r 

relatively expensive and difficult to perform. Pepudemontaining solutions have 
also been sterilised by ultrafiltration, but this method is not suitable for 
compositions containing maeromolecuies, or for solid or semi-solid 
compositions, 

10 

EP-A-023S839 describes wound dressings ne ss - n absorbent 
ceiiulesic sheet impregnated with an enzyme such as trypsin. The wound 
c s « f apparent!) with > 

subsequent sterilisation, 

15 

EF~A~0312208 describes gel lormulafions containing polypeptide growth 
factors having human miiogenieor angiogenic activity. The gel formulations are 
suitable for topical application to wounds, and include cellulose derivatives that 
are said to be capable of stabilising the polypeptide growth factors against the 

20 loss of biological activity that normally lakes place when growth factors are 
Porec in agueo f > and hydroxyaikyi cell los 

derivatives m prefem i >e g? s an stei bee e Sitio tfthep pi U 
i the peptide q cwt b> , * & ! ^ < u no o t 
under sterile conditions, it therefore appears that there is no sterilisation of the 

2d smr lion aft r c s 3tion Simile- ; I bed in EP-A- 

0267015, 

EP-A-03GS238 describes stable freeze -dried compositions comprising 
polypeptide growth factors. The freeze-drying stabilises the growth factors 
30 against loss of activity by hydrolysis in the water. The freeze-dned 
compositions include extenders such as water soluble or water sweilahle 
polymers, including cellulose derivatives. The specification discloses autoclave 
sterilisation of the starting materials other than growth factors, and sterile 
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order to pro ucs 1 product 

rh ! r >-dp on* ! r^noio » '* P h c :~tc 

5 WO95/02411 describes aqueous compositions comprising a polypeptide 

growth factor which exhibit long-term biochemical stability of the growth factor at 
4«C. The growth factor is stabilized by providing the composition with a low pH 
in the range 2.8 to 3.8, However, sterilisation of compositions containing the 
rowth fa tors not described n this specification. 

10 

EP~A~043?09S describes a process for preparing a neutralised oxidised 
cellulose product (nORC) by treatment of ORC with a solution of sodium 
- v ' t <-> | £ c he n ! vsfn acid- 

sensitive haemostatic agents, such as thrombin, to enhance its haemostatic 
15 properties, or with acid-sensitive adhesion preventive agents, such as tissue 
plasminogen activator (t»PA) to enhance its adhesion -prevention properties, in 
other embodiments, the cloth is impregnated with medicaments, such as growth 
factors. 



20 Both ORC and n~ORC ca lifan and BP~A- 

0437095 also teaches that n-GRC having heparin or heparin fragments 
>mp 5 veto can also be sterilised < < Yin » i atio? However, the 
reference does not describe sterilisation of ORC or n-ORC having a peptide 
associated toerewoh. 

25 

EP-A-0582884 describes composite wound dressing materials 
comprising a matrix of collagen sponge, a substructure of a second 
hloabsorbabie polymer which may for example be dispersed fibre of oxidised 
regenerated cellulose (ORCp arid an active agent which may he a peptide, The 
30 active agent can be provided In the matrix, or in the substructure, or In both. 
Hie composite Si > ge mat i s can b« 2 ckaged > c ste ised The met ia 
described in this reference are Inherently inhomcgeneous, They comprise a 
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substructure of fibres, films or flakes providing phasic release of active agents 
and, preferably, directional cellular Ingrowth. 

WO98/00180 descnbes the use of complexes of ORG with collagen for 
5 chronic wound heeling. The specification notes thai ORG forms stable 
complexes with ceil growth factors. 

US-A-5730933 describes a method for sterilising biologically active 
peptides by gamma ray or electron beam radiation without loss of biological 

1 0 activity. The method comprises the steps of: forming a mixture comprising the 
biologically active peptide and an extraneous proim < « >, \ cmg 

or freeze-drying the mixture, followed by irradiating the mixture. The presence 
of extraneous protein is said to stabilise the pephde against toss of biological 
activity. The mixture may further contain a free radical scavenger to improve 

15 the radiation stability still further. There is no suggestion that polysaccharides 
can achieve stabilisation of the peptides during irradiation* 

It is an object of the present invention to provide an improved method for 
sterilising biologically active peptides such that the biological activity of the 
20 peptides is retained alter sterilising. 

The present invention Is based on the surprising finding that peptide 
therapeutic agents, and in particular growth factors, can be stabilised against 
loss of biologic rlli i r diation if the peptid 

25 are formulated with and effective amount of a selectee polysaccharide prior to 
sterilisation, 

In a first aspect, the present invention provides a sterile composition 
comprising a complex of a therapeutic peptide mm a polysaccharide selected 
30 from the group consisting of cellulose derivatives, chfe, chifesans, 
gaiactomannsns, and mixtures thereof, wherein said complex has been 
sterilised with ionising radiation. 
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The peptide may fee any therapeutically active peptide, including 
hormones, antibodies, antibody fragments, natural and synthetic peptide 
antigens and antigen fragments. Suitable peptides include oxytocin, 
vasopressin, corticotropin, aprotinin, calcitonin, prolactin, inhibftin, interferons, 
5 somatostatin, insulin, glucagon , auricular natriuretic factor (AMP), endorphin, a 
renin inhibitor, luteinizing hormone-releasing hormone (LHRH), growth hormone 
releasing hormone (GHRH), Peptide T or synthetic homologs or analogs 
thereof. Preferably, the peptide is therapeutically active to promote wound 
healing uiia (dude haemo? g its u< as th Oi v n < d 

10 anti-adhesion agents such as t-PA. Also included are therapeutic- fragments of 
natural proteins, such as collagen fragments. The invention Is suitable for both 
water-soluble and water -insoluble peptides Tht peptide may have any 
molecular weight, for example in the range 1000-100000, preferably 4000- 
80000, 

15 

Preferably, the peptide comprises a growth factor, more preferably a 
growth factor having human mftppimor angiogenic activity. More preferably, 
the growth factor is selected from the group consisting of fibroblast growth 
factor (PGR, platelet derived ^roWih factor transforming growth factors 

20 (TGF-a, TGF--&1, TGP-f^}, nerve growth factors (NGF-a NGF-&), epidermal 
growth factor (EGF), bone morphogenetie protein, insulln-iike growth factor 
(IGF~i or IGF-II), and mixtures thereof. 

The present inventors have found certain groups of polysaccharides, 
25 both natural and chemically modified, are effective to stabilise peptides against 
sterilisation by ionising radiation. The effective polysaccharides that have been 
cientified an < - - d mi * (b) in an t i i 1 (c) 

gatactomannans. Other polysaccharides such as sodium hyaiuronate, pectin, 
JMAucan or calcium alginate are not suitable, either because they do not protect 
30 the biological activity of peptides during sterilisation, or because they are not 
expected to release biologically active peptide In the body. The sterile products 
resulting from such sterilisation of peptide complexes are identifiable by their 
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nigh biological activity and by characteristic ionization breakdown fragments 
present m the compositions. 

The term "cellulose derivative" refers to any chemically modified 
5 cellulose, Preferably, the modified cellulose Includes at least one earboxylate 
group for each 100 saccharide residues, and more preferably si comprises a 
carboxymethyi cellulose : an oxidised cellulose, or salts thereof. 

Oxidised cellulose is prepared by oxidation of some of the ~CH 2 0H 
0 groups on cellulose to carboxylase groups by treatment with nitrogen dioxide or 
. - m i zing agent : ^ w - v \ \ 

* N ' matrices capable ! < to 

tissue surfaces. Oxidised regenerated cellulose (ORG) fabrics are especially 
preferred, since they can be formed by oxidative treatment of regenerated 
5 cellulose fabrics, such as rayon-type fabrics. Two examples of such ORC 
fabrics are INTERCEED (Registered Trade Mark of Johnson a Johnson 
Medical Inc.) and SURGIC6L (Registered Trade Mark of Johnson & Johnson 
Medical, inc.). The INTERCEED fabric is used as an adhesion harrier m 
surgery. The SURGICEL fabric Is used as a haemostat in surgery and in other 
applications. ORC offers important advantages over unmodified cellulose 
f K " m;u - , ; , t , ~ 

Suitable ORC may be prepared by the method of US-A-31 22479 or from 
commercially available INTERCEED® or SURGICEL® fabrics, or In powdered or 

» na e prepa ed as 

described in EP-A-0437095. Lower molecular weight ORC fragments, including 
water-soluble fragments, may be prepared by alkali hydrolysis of ORC as 
>c ed In WO98/0Q4P1 

Also effective in the present invention am chimp chiiosan and ail 
Intermediate partially deacylaicd chitosans. 
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Also effective n the pn mannans, t at s to say 

polysaccharides comprising both galactose and mar-nose residues. Preferred 
galactomannans include guar gum and locust bean gum. 

S The complex of therapeutically active peptide with polysaccharide used 

in the pmsmi invention may further comprise other natural or semi-synthetic 
biocompatible polymers in admixture with the above-identified polysaccharides. 
Suitable additional biopotymers include, structural proteins such as collagen., 
fibrin and iaminin; modified structural proteins such .35 aiciocoiiagen or pepsin- 

10 soiubilised collagen; further polysaccharides such as cellulose, starch, 
alginates, modified starches or mucopolysaccharides : and mixtures thereof. 
Vetera ers are selected from the group consisting of 

'hive a? proteins lysacchabdc 

term "anionic polysaccharide" encompasses mucopolysaccharides such as 

IS heparin, hyaluronic acid, heparan sulphate, ehondroitin sulphate and fragments 
and salts thereof, 

The term structural protein in this specification refers to collagen and 
other structural proteins such as fibrin or iaminin. These are not therapeutically 
20 active peptides in the norma! sense of the word. Complexes between such 
structural proteins and alginate are described in US-A-46 14794, Complexes 
betwer \ such structure proteins and ORC ue described in G£ P \ Y\A C 
compie> f j a yies is d healln ai * 3 - , Jt , 
for the treatment of chronic wounds. Preferably, the structural protein consists 
25 essentially of native fibrous collagen. 

The composition according to this aspect of the invention preferably 
contains a therapeutically effective amount of the peptide for the Intended use, 
ypica N v n (positions for top \ < vounds, this 

30 would be in the range of 0.1 to 10.000 par by weight more preferably 1 to 
1 ,000 ppm by weight. Preferably, the weight ratio of the therapeutic peptide to 
the polysaccharide in the composition is from 1.i0 6 to 1:10, more preferably 
from 1:10 s to 1:100, and most preferably from 1:10* to 1:1000. 



The therapeutic peptide is eompiexed to the polysaccharide. That is to 
say, a substantial fraction of the molecules of the therapeutic peptides are 
s slated with mo > r. iccharide b i yao < 

5 Waais bonding. This can be achieved, for example, by coating a thin saver onto 
a porous or textile polysaccharide substrate, or by intimate mixing of the peptide 
and the polysaccharide. Preferably, the therapeutic peptide is not eovalentiy 
bonded to the polysaccharide. 

$0 » to a further advantage of the polysaccharides used in the present 

invention that the hound peptide can be released from the complex quite 
readily. Preferably, at least 20% and more preferably at least 40 % of the 
peptide biological activity (based on the activity of the pe? i 
can he released from the complex into aqueous solution simply by soaking the 

; 5 complex in water or serum at 20 *C for 24 hours. 

The complex is typically formed by intMte mixing of the therapeutic 
peptide and the polysaccharide at fie moiecufer level, for example by co* 
dispersing the therapeutic peptide and the polysaccharide in a solvent, followed 
20 by removal of the solvent. 

)tld< ind mde is In 

the term of solid or colloidal particles dispersed in a pharmaceutical!? 
acceptable carrier. Preferably, the particles are less than 50 pm in diameter, 

25 more preferably less than 10 pm ; and most preferably less than 2 urn in 
diameter. The pharmaceutical!? acceptable carrier may be a solid surface or a 
solid matrix. However, preferably, the carrier is an aqueous liquid or gel in 
which the therapeutic peptide and polysaccharide are dispersed. In certain 
preferred embodiments, the sterile composition according to the present 

30 invention is a viscous liquid or a gel preferably having a viscosity of at least 100 
Ns/m at 20*0, and suitable for topical administration to the human or animal 
body, especially to wounds. 
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in other preferred embodiments, the If! composition according to the 
present invention is a liquid, for example a buffered saline, containing the 
therapeutic peptide and the polysaccharide, and suitable for intravenous 
administration to the human or animal body, 

5 

In other p eferred e - he present 

invention may comprise a solid pharmaceutical carrier, with the therapeutic 
dedontoa surface of the sbh 
the solid carrier is a woven or nonwoven fabric, a polymer film, or a web, 

10 suitable for a? to a el^ v , s I \ 

carriers are hioabsorbahie solid carriers, especially woven or nonwoven ORC 
cloth. These embodiments may, for example, be manufactured by coating the 
therapeutic peptide onto a solid carrier of the polysaccharide (or a solid carrier 
coated with the polysaccharide), drying to four tl hid >!ysacc men 

! 5 complex at the surface of the solid carrier, and sterilising. 

Preferably, the sterile compositions according to the present Invention 
are sterile packaged. That is to say, they are preferably packaged in a sterile 
microorganism-impermeable container. 

20 

In a second aspect the present invention provides e process for the 
preparation of a sterile therapeutic composition comprising the stops oh 
providing a complex oi' a therapeutic peptide rem a poiysacchande; sterilising 
the complex; and dispersing the complex In or on a pharmaceutical^ 
25 acceptable carrier, said polysaccharide being selected from the group 
consisting of cellulose derivatives, chitin, ohltosans. gaiactomannans, and 
mixtures thereof. 

€ referred therapei \ I haride and phar eubcaih 

30 acceptable carrier are as hereinbefore defined with respect to the first aspect of 
the invention. 
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Preferably, the complex Is formed by dispersing the therapeutic peptide 
and the polysaccharide in a solvent, followed by removing the solvent to leave 
the complex. Preferably, the solvent Is an aqueous solvent and more 
preferably si consists essentially of water. Preferably, the solvent Is removed by 
freeze drying or solvent drying. This generally results in a highly partis 
polysaccharide sponge having the therapeutic peptide contacted thereto. This 
material can then be milled for subsequent dispersal in the pharmaceutical! y 
acceptable carrier. 



10 In other preferred methods, the polysaccharide is in the form of a woven 

or nonwoven fabric, a polymer film, a web or a sponge, and is coated with the 
therapeutic peptide, preferably by dipping the polysaccharide into a solution of 
the iherapeut;c peptide. The solvent is then removed by evaporation to leave 
the polysaccharide carrier having the therapeutic peptide complex to the 

IS surface thereof. 



The step of sterilising the complex Is preferably carried out on 
therapeutic peptide/polysaccharide complex, preferably containing less than 
10% by weight of water, more preferably less than 4%, and most preferably 

20 substantially anhydrous. The sterilising may be carried out by any of the 
conventional method* including auioelavtng and treat n one oxid 

Preferably the sfoi ising & carried out by treatment with a gas plasma, for 
example in a STERAD (registered trade mark) machine. Preferably, the 
sterihsing Is carried out with ionising radiation such as ultraviolet light, electron 

25 boao-s or gamma Irradiation. More preferably, the ionising radiation is gamma 
radiation, most preferably at a sterilising dosage of at least 1 to 50 kGy of 
cobaif~60 radiation, preferably 20-30 kGy. That is to say, preferably with about 
1 to 3 mRad of gamma radiation. Surprisingly, the Irradiation of the therapeutic 
peptides compiexed to the selected polysaccharide does not substantially 

30 degrade the activity of the therapeutic peptide, despite the well known tendency 
of peptides to be degraded by gamma-irradiation. Without wishing to be bound 
by any theory, the surprising stability of the therapeutic peptides compiexed to 
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these polysaccharides may be due to the polysaccharides acting as a hap for 
free radicals produced by the radiation. 

The complex of biologically active peptide and polysaccharide used in 
5 the present invention may further comprise a free-radical scavenger. 
Scavengers suitable for use comprise antioxidants such as tocopherol, citric 
acid, butylated hydroxyanlsoie, butylated hydroxytoluene, tertiary butyl 
hydroquinone, propylgaliale. ascorbate. and other antioxidants that are 
generally recognised as safe for food and drug applications. Preferably, the 
10 complex comprises about 0.01 to 10 weight percent of the free radical 
scavenger, more preferably from 0.1 to 5 weight percent of the free-radical 
scavenger. 

Preferably, the step of dispersing is carried out under aseptic conditions 
15 afte tfk I | piexea 

of therapeutic peptides with the polysaccharide, followed by dispersing the 
sterilised complex in a liquid, gel or semisolid carrier under aseptic conditions 
to form the sterile therapeutic composition. 

W in a third aspect the present invention provides a process for the 

preparation of a sterile therapeutic peptide comprising the steps of: providing a 
therapeutic peptide; forming a complex between the therapeutic peptide and a 
polysaccharide; sterilising the complex: followed by separating the therapeutic 
peptide from the complex under aseptic conditions to obtain the sterile 

25 therapeutic peptide, said polysaccharide being selected from the group 
consisting of oeiluiose derivatives, chltin. chitosans, gaiaciomartnans, and 
mixtures thereat. 

This aspect of the Invention again makes use of the remarkable ability of 
30 polysaccharides to stabilise therapeutic peptides against decomposition under 
standard sterilising conditions. The preferred therapeutic peptides, 
polysaccharides and sterilisation methods are as specified above for the first 
and second aspects of the present invention. 
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Preferably, the therapeutic peptide is separated from the sterilised 
complex simply by solvent extraction, preferably by an aqueous solvent. Thus, 
for example, a complex comprising a soluble therapeutic peptide with a water- 
5 insoluble polysaccharide can be separated simply by dispersing or suspending 
the complex in water, followed by filtration or micro-filtration to separate the 
dissolved therapeutic peptide from the polysaccharide, it is a particular 
advantage of ORC and chitesans that they appear to release hound peptides 
readily in aqueous solution. Other conventional aseptic separation methods, 
ti) such as chromatography, may of course be used. The sterile therapeutic 
peptide may be further purified by chromatography or the like, and may be 
concentrated by freeze drying. Preferably, the sterile therapeutic peptide is 
substantially pure. 



15 To summarise, the present jnvet&Sti stabilises therapeutic peptides 

against decomposition under mm$m sterilisatloa conditions by forming a 
complex between the therapeutic peptide and a selected polysaccharide. 
Preferably, the complex is anhydrous e.g. a freeze-dried complex. The 
resulting sterile complex can he formulated into conventional therapeutic 

20 products for topical or parenteral administration. 



It can thus be seen thai the present invention provides the use of a 
polysaccharide selected from the group consisting of cellulose derivatives, 
chitlm chltosans, galactcmannans, and mixtures thereof, for the preparation of a 
2.5 complex with a therapeutic peptide for use in the sterilisation of the therapeutic 
peptide with ionising radiation with reduced loss of biological activity. 
Preferably, at least 20% of the original biological activity of the peptide can be 
recovered from the sterilised complex, and more preferably at least 40% 
thereof, 

30 

Alternatively, the present invention provides a method for the sterilisation 
of a biologically active peptide with reduced loss of biological activity, wherein 
the method comprises forming a complex between the peptide and a 



polysaccharide selected from the group consisting of cellulose derivatives, 
chitin, ehltosarss, gaiactomannans. and mixtures thereof, and sterilising the 
complex using ionising radiation. 

5 Embodiments of trie present invention wHi now be described further, with 

ref« ens to the cot p< ny m drawi j whk 

ElSmJ. shows a chart of the activity of lreeze~dned PDGF (comparative 

example) before end after sterilisation with gamma-irradiation; 
1 0 Bgm. 2 shows a chart of the activity of PDGF compiexed with (i) collagen only 

(ii) ORC only, and (ili) a collagen/ORC composite, before (unshaded bars) and 

after (shaded bam) sterilisation with gamma-irradiation. 

t < '^(A- a 1 u j r > cu iFb^ c i ru n so ution «*y n Msa-i n t $ 

time for the following complexes; (i) PDGF compiexed to chifosan Without 
15 gamma irradiation; (ii) PDGF compiexed to a Oollagen/chitosan 55:45 mixture; 

(ii!) PDGF compiexed to chliosan and sterilised by gamma-irradiation; and fjv) 

PDGF compiexed to a eoliagen/ohltosan 55:45 blend and sterilised by gamma- 

if radiation. 

4 shows a chart of measured PDGF activity in solution against 
20 extraction time for the following complexes: (i) PDGF compiexed to sodium 
hyakironate (NaHA) without gamma Irradiation; (Ii) PDGF compiexed to a 
collegen/NaHA 55:45 mixture; (III) PDGF compiexed to NaHA and sterilised by 
gamma-Irradiation; and (iv) PDGF compiexed to a coliagen/NaHA 55:45 blend 
and sterilised by gamma-irradiation, 
25 > idem ;;. shows a chart of measured PDGF activity a solution «o>« oximeUon 
>! N - xes: (I) PDGF compiexed to pectin without gamma 

irradiation; (ii) PDGF compiexed to a collagen/pectin 55:45 mixture; (ii!) PDGF 
* v > i ! m \ 1 v € } s « t m yon; and PDGF 

compiexed to a collagen/pectin 55:45 blend and sterilised by gamma-irradiation. 
30 t mm § s lows a chart of measured PDGF aoftv t\ i so utsoi i igainst e <ts action 
time for the following complexes: (I) PDGF compiexed to locust bean gum 
without gamma irradiation; (ii) PDGF compiexed to a collagen/locust bean gum 
55:45 mixture; (iil) PDGF compiexed to locust bean gum and sterilised by 



WO CHS/33893 



14 



8 



gamma-irradiation: and (w) POOF oompiexed to a collagen/locust bean gum 
55:45 blend and sterilised by gamma-irradiation, 

" Ho. on i ( , % action 

time tor the following complexes; (I) PDGF oompiexed to beta glucan without 
5 gamma irradiation; (ii) PDGF oompiexed to a collagen/beta glucan 55:45 
mixture; (ill) PDGF complexes" to beta glucan and sterilised by gamma- 
irradiation: and (Kg PDGF complied to a collagen; beta glucan 55:45 blend and 
sterilised by gamma-irradiation. 

Figure 8 shows a chart of measured PDGF activity in solution against extraction 
10 time for the following complexes: (I) PDGF oompiexed to alginate without 
gamma irradiation; (ii) PDGF oompiexed to a coliagen/slginate 55:45 mixture; 
(m) PDGF oompiexed to alginate and sterilised by gamma-irradiation; and (iv) 
PDGF oompiexed to a collagen/aiginafe55;45 blend and sterilised by gamma- 
Irradiation. 

IS 

A solid sponge of fibrous collagen oompiexed to platelet derived growth 
factor (PDGF) was prepared and sterilised as follows. 

20 An aqueous slurry of acid-swollen native collagen fibres derived from the 

bovine cerium was prepared as described in US~A~4814?94 or US-A-4320201 
the entire contents of which are expressly incorporated herein by reference. 
The solids content of the slurry was 1 wi%, The slurry was acidified with G,Q5b1 
< sen I 5 Do s v. s 

25 added to samples of the slurry at concentrations of 0 wt.% (control), 0.1 wi.%, 
0-33 wt.% and 1 wt.% based on the weight of the collagen. The slurry was de- 
gassed. 30 g of each slurry sample was poured into a 100 cat pefn-dlsh, blast 
frozen, arid then Peei-eaiaed overnight 

30 The resulting collagen sponges were cut in half, and one half of each 

< j ic 3> a' 5 Co gen t a rmwa \ 
The other half of each sponge was left non-sterile as a control. 
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The samples were tested for PDGF elution and biological activity as 
described below in Procedure 1, 

Typical results are shewn in Figure 2. it can be seen thai the activity of 
5 the PDGF cornpiexed to collagen atone is substantially unchanged by the 



A comparative study of was carried out on pure freeze-drted PDGF. The 
result shown in Figure i, demonstrates the large decrease in PDGF activity 
1 0 when sterilisation is performed on the pure PDGF growth factor 

Further control samples of collagen with no added PDGF showed m 
activity either before or after sterilisation. 



15 Example 2 

A solid sponge of fibrous collagen/ORC eomplexed to PDGF was prepared -as 
described In Example 1, but with the addition of 80% by weight (based on the 
weight of the collagen) of milled SURGICEl* ORC fibres to the collagen slurry 
before addition of the PDGF. The resulting products are cdSagen/ORC 
20 sponges containing 0{comparative} ( 0.1 , 0.33, and 1 .0 wt% of PDGF based on 
t c velga >t i pi )R{ 



The samples were tested for PDGF elution and biological activity as 
described below in Procedure 1 

25 

Typical results are shown in Figure 2. It can be seen that the activity of 
the PDGF complexes to coiiagen/ORC alone is substantially unchanged by the 
<4-nl abe Smo-i I, .t f b. t ^ * ^ K i sU 
PDGF from the sterilised complex is even better than the elution from the non- 
30 sterile complex. 



A solid matrix of ORC coated with PDGF was prepared as follows, 
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A SURGICEL'* ORG doth (2 enr) was dipped in a 1% aqueous solution of 
PDGF. dried at room temperature, and cut In half. One half was sterilised by 
gamma-Irradiation as described In Example 1, and the other half was kept for 
5 comparison. 

The samples were tested for PDGF eiuiion and biological activity as 
described below in Procedure 1 , 

10 Typical results are shown In Figure 2, It can be seen that the biological 

activity of the PDGF complexes to ORG alone Is substantially unchanged by the 
sterilisation. Furthermore, the PDGF is more readily eluted from the ORG 
comply than torn the collagen complex, both before and after sterilisation. 

15 Example 4 

A solid sponge of collagen/ORC eomplaxed to aprotimn was prepared as 
described In Example 2 t but with omission of PDGF and the addition of bovine 
lung aprotinln (Sigma Chemical Co.) In an amount of 0 wt% (control) and 10 
wl% based on the weight of collagen * ORC. 

20 

The complexes were tested for aprotinln binding and activity as described in 
Procedure 2. The results showed that a substantial fraction of the aprotinln 
activity was preserved after gamma-imadiatfen, when the aprotinln was 
complexes to colla^en/ORC, 

25 

Surprisingly, the results also showed that the aprotinln was released more 
rapidly from the irradiated collagen/ORC matrix than from the non-irradiated 
collagen/ORC matrix. 

30 Exan ? > 

The ability of chitosan to bind to peptides reversibly and stabilise the 
t - against loss of biological ct tv m st e illation was m stigat< i as 
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Solid sponges of ci tosa and SS 51 c >s ! jen/chIK ? cv *g RDG* 
completed thereto were prepared as described in Examples 1 and 2, but with 
replacement of the collagen In Example 1 by chitosan, and with replacement of 
5 the ORG In Example 2 by of chitosan in an amount of 45% by weight based on 
the weight of the complex 

Samples of the complexes were submitted to sterilisation by gamma 
Irradiation as described in Example 1 

30 

Procedure 1 was then earned out on the samples to evaluate the amount 
of bioiogicaliy active PDGF extracted from the sample by a serum solution as a 
function of time. Data were collected for both stable and unsteriiised samples. 

15 The resylts illustrated R 9- 3 show that a substantial fraction of the 

original PDGF Is released from both complexes both before and after 
sterilisation, The PDGF Is released slightly more readily from the chitosan than 
from the collagen/ehitosan complex. The biological activity of the PDGF is 
unaffected by sterilisation in the presence of chitosan or coifagen/eMtosam 

20 

E > ' ■tJpleMcgniganMyei 

The ability of sodium hyaiuronate to bind to peptides reversibly and 
stabilise the peptides against loss of biological activity on sterilisation was 
Investigated as described above in Example 5, but with replacement of the 
25 chitosan of Example 6 by sodium hyaiuronate. 

The results from Procedure 1 are shown in Fig. 4. if can be seen that the 
PDGF is readily released from the complexes both before and after sterilisation. 
However, there is a marked reduction of biological activity of the extracted 
30 POGF after sterilisation in the presence of sodium hyaiuronate. The reduction 
of biological activity is less marked for the collagen/sodium hyaiuronate 
complexes, because the collagen has some stabilising effect on the PDGF as 
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noted above in Example 1 . it can be concluded that sodium hyaluronate does 
not stabilise PDGF against toss of biological activity during sterilisation. 

^§.01i3k2J^Mtrn||ve} 
5 The ability of pectin to bind to peptides reversihly and stabilise the peptides 
against loss of biological activity on steriiisation was investigated as described 
above in Example 5, but with replacement of the chitosan of Example 5 by 
pectin. 

10 The results from Procedure 1 are shown in Fig. 5. it can he seen that the 

PDGF is readily released from the complexes both before and after sterilisation. 
However, there is a marked reduction of biological activity of the extracted 
PDGF after sterilisation in the presence of pectin. The reduction of biological 
activity is less marked for the collagen/pectin complexes, because the collagen 

IS has some stabilising effect on the PDGF as noted above In Example 1. It can 
be concluded that pectin does not stabliise PDGF against loss of bioiogicai 
activity during sterilisation. 

Example 8 

20 The ability of locust bean gum to bind to peptides reverslbly and stabilise the 
peptides against loss of biological activity on sterilisation ivas Investigated as 
described above in Example 5, hut with replacement of the chitosan of Example 
5 by locust bear; gum. 

25 The results from Procedure 1 are shown in Fig, 8. ft can be seen that 

relatively little of the biological activity of the PDGF is released from the 
complexes either before and after steriiisation. However, there is relatively little 
reduction of biological activity of the extracted PDGF after sterilisation in the 
presence of locust bean gum. Furthermore, it can be seen that the locust bean 

30 gum gives a stabilising effect over and above the effect due to any collagen 
present in the complexes. It can bo concluded that locust bean gum stabilises 
PDGF against loss of biological activity during sterilisation. 
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The ability of beta giucan to bind io peptides reversrbly and stabilise the 
peptides against loss of biological activity on sterilisation was investigated as 
described above in Example 5. but with replacement of the chtarn of Example 
5 5 by beta giucan. 

The results from Procedure 1 are shown in Fig. 7. It can be seen that 
relatively little of the PDGF activity is released from the complexes both before 
and after sterilisation. Furthermore, there is a marked reduction of biological 
10 activity of the extracted PDGF after sterilisation in the presence of beta giucan. 
It can t e conduce d that bete giucan does loss of 

om t\u a accvsiy during stebhsatson, 

Examgi ^cative} 
15 The ability of sodium alginate to bind to peptides revorsfbiy and stabilise 

the peptides against loss of biological activity on sterilisation was investigated 
as described above in Example S> but with replacement of the chtosan of 
Example 5 by sodium alginate. 

W The results from Procedure 1 are shewn in Fig. 8. It can be seen that the 

PDGF Is strongly bound to the complexes both before and after sterilisation. 
The binding Is so strong that it Is not clear from the released PDGF whether 
alginate is stabilising the PDGF against loss of biological activity on sterilisation. 
It can be concluded that sodium alginate Is unlikely to be useful to stabs! ise 

25 PDGF against loss of biological activity during sterilisation. 

gso * 1 

A sterile pharmaceutical gel for topical administration to promote wound healing 
was formulated as follows (percentages in wt, %):- 



30 



Carboxymethyi Cellulose 
Hydroxyethyi Cellulose 
Sodium chloride 
Propylene glycol 



2.4% 



0.3% 
0.24% 



20.2% 



Collagan/ORC/PDGF 1 wi.% 2.0% 
Water balance 

The Coilagen/GRC/1 wt.% PDGF was prepared as described in Example 2, 
5 comminuted to a particle size of about 1-1 0pm stemmed by gamme-irradiatlon, 
and then mixed with the other components under aseptic conditions to give a 
sterile aqueous gel suitable for application to wounds to promote wound 
healing, 

10 Exampie 12 

.4 sterile, substantially pure PDGF was prepared as follows. 

The 1% PDGF/coliagen sponge prepared In Example 1 was milled to particle 
size less than 10pm, then sterilised by gammadrradiation. The sterile complex 
15 was treated with sterile saline (pH S) for 1 hour at 35X to extract the sterile 
PDGF, followed by filtration and freeze-drying under aseptic conditions to obtain 
sterile PDGF. 

f%ocadure t 

20 The effects of complexation and sterilisation on the activity of PDGF 

were assessed as follows:- 

A 24-hour releasate of each sample was pr&p&t&d by placing punch 
biopsies (8mm diameter) in 1ml Duibecco's Modified Eagle's Medium (DM EM) 
25 and incubating at 3?°C t 5% C0 2 In a humidified atmosphere ceil culture 
incubator. Each sample eiuant was tested ;n duplicate. 

The biological activity of PDGF was assessed by proliferation using a 
methylene blue assay to quantify ceil numbec Briefly, AHDF (adult human 
SO dermal fibroblasts} were grown to 95% confluency, trypsinlsed, counted and re- 
plated in 10% FBS/DMEM at a ceil density of 3 x 10 4 cells/ml in a 96 well 
micfotitre plate (lOOpl/well -3000 cells/well). The cells were allowed to adhere 
and spread overnight in the humidified atmosphere ceil culture incubator at 
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37 S C, 5% C0 2 in this medium, The medium was then removed, the cell 
monolayer washed with PBS, and the test sample or standard was added at 
lOQpl/well. Each test sample was tested x8 and sterility was achieved by 
Merino through a syringe filter (0.2pm), Each sample was diluted depending on 
5 the estimated concentration of the PDGF incorporated; this was necessary to 
enable quantification of PDGF over a linear range. Human recombinant PDGF- 
8B was used as a standard, diluted In SF-DMEM and used over a concentration 
range 50Gng/mi - Ing/rni. The stimulant was incubated with the cells for a 
further 3 days at 3?X, 5% C0 2 , after which the medium was removed and the 
10 ceil monolayer fixed with FORMOL® saline. The cells were then stained with 
methylene blue, excess stain removed and the dye eluied from the ceil 

it ed ethanol > soluhiissed dye was qmr® 
using a microtitre plate spectrophotometer and the data analysed using 
BIGLINX® software. 



The total level of PDGF released from each sample type was determined by 
EUSA. A monoclonal oapium antibody to PDGF-BB was used at O.bpg/ml 
0,025 M-NaHCO s , 0,025M^4a 2 CO 3 , 0,025y,Na 2 CO 3> pH 9.7 (lOOpl/welf) and 
incubated overnight at 4 !> C. Remaining binding sites were blocked with 3% 

20 BSA/PSS for 1 hour 3?*C after whsoh the test sample or standard was added 
Each sample was tested m triplicate and the standard curve ranged from 
SOOng/ml to Ing/ml, Each sample was tested at various dilutions to allow an 
accurate estimation of concentration. The level of PDGF present in the test 
sample was quantified using a primary polyclonal antibody to PDGF (1/1000 

25 dilution) and a secondary anti-rabbit IgG with a peroxidase conjugate (1/5000 
dilution), The level of peroxidase was then quantified using a soluble substrate 
TfvtB initially forming a blue colour that turns yeilow upon the addition of ?M- 
suiphurie acid. The colour was monitored at 450nm spectrophotometflcaliy. 

3d Procedure 2 



The effects of complexation and sterilisation on the activity of aprotinin were 
assessed as follows, 
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3mm punch biopsies were taken In duplicate from coilagen/ORC, cotiagen/ORC 
containing aprotinin (irradiated), and coilagen/ORC containing apmflnln. Two 
punch biopsies from each sponge were added to 1 mi of DM EM in a sterile 
plastic container. The DMEM was removed after a number of Umepoints 
ranging from zero - 48hrs incubation at 3?"'C, The releasates were stored at - 
2CTC untH required for the functional assay of aprotinin activity. 

The effect of irradiation on the aprotinin functional activity was tested by 
measuring t a ability of aproti | %m ly 

10pls of releasata was added to a total assay volume of lOOpis, containing 
40pls of piasmin (4Gng), iOpM piasmin fluorogasic substrate and Tris~HCi 
buffer (pH 8.1} containing 0.5% TRITOhf, Positive controls were run in the 
absence of reieasate. 



In addition, a standard curve of piasmin inhibition over a variety of aprotinin 
concentrations from 0,§ng/m! ~ lOng/ml was constructed and used as th e b a s is 
for calculations. 

The assay was monitored over 1hf at 37°C and the amount of fluorescence 
defected using a fluorogenic plate reader (emission 455nm, excitation 383nm). 

!!i tXs ^ > i ! < \ i > >d for the purpose of iilustrauon only. 
.Many other embodiments of the present invention failing within the scope of the 
' >o u >c N v * - ^ i i ■» raider. 
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1 A sterile composition comprising a complex of a therapeutic 
e ecfed fron >e g oup consisting © eel > 
5 derivatives chitir.. chtoMns. gatadomannans, dnc rmes thereof, wherein 
said complex has been sterilised with ionising radiation. 

2. A sterile composition according to claim 1, wherein said peptide is 
selected from the group consisting of growth factors, haemostatic agents, 

10 antimicrobial agents, antibacterial agents, anti-adhesion agents and collagen 
fragments, 

3. A sfenle composition according to claim 2, wherein the peptide 
comprises a growth factor having human mitogenio or angiogenic activity. 

15 

4. A sterile composition according to claim :3, wherein the growth factor is 
seiected from the group consisting of fibroblast growth factor (FGF), Platelet 
derived growth factor (PDGF), transforming growth factors (TGF~a, TGF~p t , 
TBF-U nerve growth factors (NGF~a, HGF-p), epidermal growth factor (EOF), 

2d bone nwphogenefic protein, InsullMfe growth factors (l6F-j or IGF-ii), and 
mixtures thereof, 

5.. A sterile composition according to any preceding claim, wherein said 
composition further comprises a biopoiymer seiected from the group consisting 
25 of structural proteins, polyanionic polysaccharides, and mixtures thereof. 

6. A sterile composition according to claim 5, wherein said structural 
proteins are selected from the group consisting of native-collagen types, 
atelocollagen, pepsln-solubiiized collagen, gelatin, fihroneebn and laminin. 

30 

7. A sterile composition according to claim 8, wherein said structural 
proteins consist essentially of native fibrous coilagen, 



8. A sterile composition according to any preceding claim, wherein said 
polysaccharide is selected from the group consisting of oxitod celluloses, 
ehlfoaans, and sails and mixtures thereof, 

5 9. A sterile composition according to claim 8, wherein said polysaccharide 
Is selected from the group consisting of ORG and nORC. 

10. A sterile composition according to any preceding claim, wherein said 
composition composes a mixture of native fibrous collagen, and ORG, 

10 

11. A sterile composition according to any preceding claim, wherein the 
weight ratio of said therapeutic p&p^de to said polysaccharide is from 1:10* to 
1:10, 

IS 12, A sterile composition according to claim 1 1 , wherein said weight ratio of 
froml to 10 s to 1:100. 

13. A sterile composition accondisig 16: claim 12, wherein said weight ratio Is 
from l ib 10* to 1:1000. 

20 

14. A sterile composition according to any preceding claim, wherein said 
composition comprises a freeze-dried or solvent dried sponge. 

15. A sterile composition according to claim 14, further comprising a free 
25 radical scavenger. 

16. A sterile composition according to any preceding claim, wherein said 
composition is a viscous liquid or gel for topical administration to the human or 
animal body. 

30 

17. A sterile composition according to any one of claims 1 to 15, wherein 
said composition is a liquid for intravenous administration to the human or 
animal body. 



25 



IB. A sterile composition according to any one of claims 1 to 13, wherein 
said therapeutic peptide and polysaccharide are coated onto a surface of a solid 
carrier, 

5 

19. A sterile composition according to claim 18, wherein said solid carrier is a 
woven or nonwoven fabric, a polymer film, or a web. suitable for appiication to a 
surface of a wound, 

10 20, A sterile composition according io claim 18 or 19, wherein said solid 
carrier is bioabsorhahte. 

21, A sterile composition according to claim 20, wherein said solid carrier 
comprises a woven or nonwoven ORG cloth. 

15 

22, A sterile composition according W any p^cedlsii claim which is sterile 
packaged. 

23, A process for the preparation of a sterile therapeutic composition 
20 comprising the stops of: 

providing a complex of a therapeutic peptide with a polysaccharide; and 
sterilizing said complex; followed by 

dispersing said complex in or on a pharmaceutical acceptable carrier, 
said polysaccharide being selected from the group consisting of cellulose 
25 derivatives, chitin. ctiHosans, gaiactomannans, and mixtures thereof. 



24, A process according to claim 23. wherein said step of providing 
comprises mixing said therapeutic peptide with said polysaccharide in a solvent 

30 followed by removing said solvent to leave said complex, 

25. A process according to claim 24, wherein said solvent is an aqueous 
solvent. 
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26, A process according to claim 24 or 25, wherein said solvent is removed 
by freeze drying or solvent drying. 

5 27. A process according to any one of claims 23 to 28 wherein said step of 
stenfeing is carried out with ionizing radiaUor » h treatment with a gas 
plasma, 

28, A process according to claim 27, wherein said ionizing radiation is 
10 gamma radiation, 

20. A process according to any one of claims 23 to 28, wherein said complex 
comprises less than 4% by weight of water during said step of sterilizing. 

1 5 ' m - A moms® according to any one of claims 23 to 29, wherein said step of 
dispersing is carried out under aseptic conditions, after said step of sterilizing, 

SI, A process according to any om of claims 23 to 30 for the preparation of 
a sterile composition according to any one of claims 1 to 22. 

20 

32< A process tor the preparation of a sterile therapeutic peptide comprising 
the steps of: 

providing a therapeutic peptide; 

forming a complex between the therapeutic peptide and a 
25 polysaccharide; 

sterilizing said complex; followed by 

separating the therapeutic peptide from said complex under 
aseptic conditions to obtain said sterile therapeutic peptide, said polysaccharide 
being selected from the group consisting ot cellulose derivatives, chitin, 
30 chitosans, galactomannans, and mixtures thereof, 
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33. A process according to claim 32, wherein said step of separatinq 
comprises extracting the therapeutic peptide from the complex with an aqueous 
solvent. 
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